Abstract-A conventional diplexer is made up of two channel filters which are connected to a transmission-line based signal distribution network. In this work, a novel diplexer has been proposed and designed using hairpin resonator filters that are joined together using a patch resonator. The patch being a dualmode is made to resonate at the centre frequencies of the channel filters in corresponding modes. The patch functions as a signal splitter and at the same time as a resonant pole for each of the channel filters. A diplexer with the channel centre frequencies of 3.99 GHz and 4.39 GHz and 4% fractional bandwidth has been designed and tested. The simulated and measured results show very good agreements.
I. INTRODUCTION
Dual mode microstrip resonators are playing an important role in the miniaturisation of microwave planar filters. Its popularity comes from its ability to take the place of two single mode resonators, thereby resulting in halving the number of required resonators for a given purpose. In the design of planar filters, microstrip resonators such as patch resonators are used extensively. In [1] a patch resonator was used to generate a transmission zero in a bandpass filter (BPF) response without resorting to any cross couplings, thereby resulting in improved frequency selectivity. Square patch resonators were applied in the design of BPFs in [2] and [3] , whereas they were used to design dual-band BPFs in [4] and [5] . A particular area where the use of dual-mode or multi-mode resonators can be beneficial is in diplexer designs with resonant junctions [6] . Conventionally, channel filters in the diplexers are combined via transmission-line based junctions, as illustrated in Fig. 1(a) , such as T-junctions, hybrid couplers, manifolds or circulators [7] , [12] - [15] . However, the new diplexer configuration based on resonant junctions has attracted a lot of attention in the past few years. Different circuit techniques have been used. For instance, in [8] two novel multiplexer topologies based on allresonator structures were reported at X-band using waveguide technology. In [9] , a frequency division duplex (FDD) diplexer that integrates a T-shaped resonator and two sets of open-loop resonators was developed. The technique used in [9] was then extended into a multiplexer and a switchable diplexer in [10] using open-loop resonators. In [11] , a compact diplexer was proposed and designed using a stepped-impedance resonator (SIR) which acted as a common resonator.
In this paper, a novel diplexer structure has been proposed and designed using hairpin (HP) resonator filters with a 4% fractional bandwidth each at 3.99 GHz and 4.39 GHz respectively. These channel filters are linked together using a dual-mode patch resonator. Each of the channels was individually designed using a three-pole structure with proximity couplings. Using dual-mode patch resonator led to the reduction in the number of required resonators from a supposedly six resonators to five resonators. Fig. 1(b) illustrates the resonator topology and the coupling path of the proposed design as compared with the conventional topology shown in Fig. 1(a) . The proposed diplexer layout is displayed in Fig. 2 . 
II. DESIGN
The proposed microstrip diplexer has been designed to meet the following specifications: All the simulations in this work were performed using EM simulator Sonnet Suites. 
A. Topology and coupling matrix
As shown in Fig. 1(b) , the junction resonator has dual modes, denoted as 1a and 1b. The mode-1a is coupled to the resonator-2 and 3 to generate the lower channel, whereas the mode-1b is coupled to the resonator-4 and 5 to generate the upper channel. Each channel filter was designed separately to have a passband ripple factor of 0.043 dB using a three-pole Chebychev lowpass prototype derived from [16] with g values of g 0 = g 4 = 1.0, g 1 = g 3 = 0.8516 and g 2 = 1.1032. (1) and (2) are the required external quality factor Q ex and coupling coefficients used for the physical dimensioning of the microstrip resonators and filters 041 . 0
B. Patch resonator
The patch resonator is used as the junction resonator in this design. The patch, of dual modes, acts as a resonant pole to each channel filter as well as a signal splitter in the diplexer. A half-wavelength square patch resonator is first made to resonate at the centre frequency of the diplexer. In other to generate the dual modes, a chamfer defined by the dimension X is introduced at one corner of the square resonator. By varying X, the dual-modes of the patch can be adjusted to the desired frequencies. Fig. 3 illustrates the resonant frequencies of the patch as a function of the chamfer length, X. When X is 4 mm, the resonance was split into 3.99 GHz and 4.39 GHz. 
C. Couplings
To obtain the external quality factor (Q ex1a and Q ex1b ) at the common port, a configuration as shown in Fig. 4 was used. At port-1, a feeder line was tapped to the patch resonator whereas port-2 and port-3 were weakly coupled to the patch. The feed line of port-1 was adjusted both in length and width. Using (3), the Q ex towards both modes of the patch was obtained
where f is the 3-dB bandwidth measured from the peak of the resonance curve. Fig. 4 shows the typical resonance curves between port-1 and 2 and between port-1 and 3. The coupling coefficients, M 1a, 2 and M 1b, 4 , were extracted by varying the spacing, ZS, between the patch and resonator 2 and S between the patch and resonator 4 respectively. The layout configurations and the graphs of the coupling coefficient against ZS and S were plotted in Fig. 5(a) and (b) . (4) was used to calculate the coupling coefficients. After obtaining the coupling coefficients around the patch separately, resonator 1, 2 and 4 were assembled together to evaluate the loading effect of the third port on the coupling. The two pairs of resonance peaks are shown in Fig. 6 . It was observed that the interactive effect is not significant. These peaks can also be used in obtaining the coupling coefficients. 
D. Diplexers
After extracting the coupling coefficients and the Q ex , the diplexer was arranged as shown in Fig. 2 and optimized to specification. Fig. 7 shows the simulated response using dashed lines. Fig. 8 (a) and (b) shows the current distributions when the diplexer operates at 3.99 GHz and 4.39 GHz. It can be seen that the currents are excited in orthogonal directions on the patch at different frequencies, which means the patch resonator splits the signal into two channels as proposed. 
III. FABRICATION AND MEASUREMENTS
The diplexer was made on a Rogers 3010 substrate with a thickness of 1.27 mm, a relative permittivity of 10.8 and a loss tangent of 0.0022. It was fabricated using LPKF ProtoMat S63 micro milling process and displayed in Fig. 9 . Agilent Network Analyser N5230A was used for measurement. A comparison between the simulated (dash lines) and measured (thick lines) results are shown in Fig. 7 . It can be seen that a reasonably good agreement is achieved at both passbands with the return loss measured at about 15 dB. Due to the machining tolerance, the measured results can be seen shifted to the higher frequency by approximately 5 MHz. The minimum measured insertion loss in the passband is less than 2 dB. The high passband has a reduced bandwidth. 
IV. CONCLUSION
In this diplexer design, a patch resonator was used as a signal splitter as well as a resonant pole for each channel filter. The patch was used in joining two three-pole hairpin BPFs operating individually at the required passbands. The patch being a dual-mode replaced two resonators, one from each channel filter. This led to the circuit miniaturization by reducing the number of required resonators and removing the transmission line junction. The passband responses from the measurements and simulations have shown a good agreement, verifying the feasibility of using a dual-mode resonant junction in the diplexer design. Another potential advantage of using the patch resonator is the exploration of other design variations with the patch and parasitic structures in improving the isolation and rejection performance of the diplexer.
